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. .  
c SUMMARY 

The development and ope ra t ing  c h a r a c t e r i s t i c s  of a new, 
s i x t e e n  channel ,  a i rbo rne  te lemet ry  c a l i b r a t o r  are descr ibed .  
The u n i t  w a s  designed and developed a t  Goddard Space F l i g h t  
Center  t o  f u l f i l l  i n c r e a s i n g l y  s t r i n g e n t  requirements  by 
s c i e n t i s t s  and experimenters  f o r  enhanced accuracy and r e l i a b i l i t y  
i n  t r a n s m i t t e d  d a t a ,  and t o  meet t h e  needs of t he  sounding r o c k e t  
program f o r  a s m a l l e r ,  l i g h t e r ,  more s tab le  u n i t .  The Type 4x4 
C a l i b r a t o r  is now o p e r a t i o n a l  as  proven, f l i g h t  q u a l i f i e d  equipment. 
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AIRBORNE TELEMETRY CALIBRATOR 

TYPE 4x4, MOD I 

INTRODUCTION 

The con t inu ing  record  of  s u c c e s s f u l  sounding r o c k e t  f l i g h t s  
has provided s c i e n t i s t s  and experimenters  w i th  an i n c r e a s i n g  
mass of d a t a .  With g r e a t e r  knowledge of the upper atmosphere 
it has  become p o s s i b l e  t o  d i r e c t  s c i e n t i f i c  i n v e s t i g a t i o n  and 
experiments  toward more p r e c i s e l y  de f ined  areas. Refinement 
of o b j e c t i v e s  has  c r e a t e d  a p a r a l l e l  requirement  fo r  improved 
p r e c i s i o n  i n  d a t a  handl ing and v a l i d a t i o n .  

One e f f e c t i v e  means of provid ing  both  q u a l i t a t i v e  and 
q u a n t i t a t i v e  c o n t r o l s  f o r  recorded data is t h e  f l i g h t  c a l i b r a t o r .  
S ince  t h e  i n c e p t i o n  of t he  sounding rocke t  program, a v a r i e t y  of 
e lec t ro-mechanica l  and e l e c t r o n i c  ca l ibra tors ,  r e p r e s e n t i n g  many 
d i f f e r e n t  des ign  concep t s ,  have been used. Some were commercial 
i t e m s ,  o t h e r s  r ep resen ted  t h e  work of Goddard o r  o t h e r  government 
agencies .  These u n i t s  o f f e r e d  a wide range of o p t i o n s  i n  C a l i -  
b r a t i o n  method, number of channels  c a l i b r a t e d ,  number of s t e p s ,  
c a l i b r a t i o n  l e v e l s  and sequencing schemes. F l i g h t  c a l i b r a t o r s  
have been used on a m a j o r i t y  of sounding rocket f l i g h t s  t o  d a t e ,  
and are inc luded  wi th  t h e  te lemet ry  s y s t e m s  f o r  n e a r l y  every  
f l i g h t  p r e s e n t l y  scheduled. 

The c a l i b r a t o r  described below and shown i n  F igure  1 has 
been de r ived  from broad experience gained through use of a 
v a r i e t y  of d i f f e r e n t  models. Development of the  4x4 Calibrator  
w a s  begun when t h e  commercial u n i t s  t hen  i n  use  e x h i b i t e d  a n  
u n d e s i r a b l e  s e n s i t i v i t y  t o  r a d i o  frequency i n t e r f e r e n c e  and t o  
t r a n s i e n t s  i n  t h e  power supply.  The s ize  of t h e  commercial 
u n i t ,  p a r t i c u l a r l y  t h e  h e i g h t ,  w a s  also undes i r ab le  as a con- 
t i n u i n g  source  of d i f f i c u l t y  i n  s y s t e m  packaging. A s  experiments  
and t h e  a s s o c i a t e d  equipment achieve h igher  l e v e l s  of s o p h i s t i -  
c a t i o n ,  compet i t ion  f o r  ounces and cubic  inches  of t he  payload is 
i n t e n s i f i e d .  

1 



1W[ 
REG1 
ADJl 

I 

Figure 1 - F l i g h t  C a l i b r a t o r ,  Type 4x4, Mod I 
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i The des ign  goa l s  may then be b r i e f l y  summarized as: func- 
t i o n a l  s t a b i l i t y ;  accuracy;  size r educ t ion ;  and f a i l - s a f e  
ope ra t ion .  The l a s t  goa l  is  i n h e r e n t  i n  a l l  c a l i b r a t o r  des igns  
t o  a s s u r e  t h a t  any malfunct ion or f a i l u r e  a f f e c t i n g  t h e  ca l i -  
b r a t o r  w i l l  no t  c u t  o f f  t h e  d a t a  channels .  The connec ter  
arrangement of t h e  commercial u n i t  w a s  r e t a i n e d  so t h a t  bu i ld-  
up of payloads and in s t rumen ta t ion  could be carr ied on without  
r ewi r ing  or r ea r r ang ing  in t e rconnec t ion  c i r c u i t s .  A secondary 
des ign  g o a l ,  w a s  t he  e l i m i n a t i o n  of t h e  need f o r  an accessory  
u n i t  r e q u i r e d  wi th  t h e  commercial u n i t s  t o  e f fec t  an automatic 
change i n  c a l i b r a t i o n  s t e p  width. 

The e n t i r e  development program, inc lud ing  d e s i g n ,  f a b r i -  
c a t i o n ,  and q u a l i f i c a t i o n  of the  pro to type  f o r  f l i g h t ,  w a s  
accomplished i n  less than  two months. The first p ro to type  w a s  
i n s t a l l e d  i n  t h e  payload fo r  Aerobee 150, F l i g h t  4.52 UG as 
shown i n  F igure  2 ,  and s u c c e s s f u l l y  flown from White Sands 
Missile Range on 3 November 1964. Following t h e  s u c c e s s f u l  
o p e r a t i o n a l  use  of t he  f i r s t  p ro to type ,  product ion  q u a n t i t i e s  
of t h e  c a l i b r a t o r  were ordered and are now be ing  de l ive red .  
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c 
THEORY OF OPERATION 

Regardless  of d i f f e r e n c e s  i n  t h e  d e t a i l s  of d e s i g n ,  a l l  
f l i g h t  c a l i b r a t o r s  are intended t o  p e r i o d i c a l l y  provide a 
series of p r e c i s e l y  c o n t r o l l e d  vo l t age  s t e p s  t o  t h e  a i r b o r n e  
t e l e m e t r y  s y s t e m .  I n  a few i n s t a n c e s ,  t h e s e  c a l i b r a t i o n  
s t e p s  have been imposed upon t h e  d a t a  s i g n a l s .  The more 
common technique ,  more r e a d i l y  recognized and i n t e r p r e t e d ,  
i n t e r r u p t s  the  d a t a  s i g n a l s  and i n s e r t s  t h e  c a l i b r a t i o n  s t e p s  
as shown i n  F igure  3. 

The example s e l e c t e d  for Figure 3 is a p re l imina ry  check 
of t h e  in s t rumen ta t ion  and t e l e m e t r y  equipment i n s t a l l e d  f o r  
Aerobee f l i g h t  4.50 UG. Simulated s i g n a l s  were used f o r  t h e  
experiment data channels  a ince  t h e  exper imenta l  payload w a s  
no t  y e t  i n t e g r a t e d  wi th  t h e  s y s t e m .  Channels 1 and 2 ,  a t  t h e  
l e f t  of the  c h a r t ,  were connected t o  30 segment, 1 r p s  commu- 
t a to r s  wi th  an  assortment  of s imula ted  d a t a  i n p u t s  app l i ed .  
The channel 2 trace e x h i b i t s  evidence t h a t  s e v e r a l  i n p u t s  are 
s l i g h t l y  nega t ive .  Should t h i s  c o n d i t i o n  appear  i n  t he  cour se  
of prelaunch checks,  i t  would i n d i c a t e  t h e  need f o r  a de ta i led  
checkout of t h e  a f f e c t e d  d a t a  channel  f o r  p o s s i b l e  connect ion 
e r r o r ,  malfunct ion or perhaps some a d d i t i o n a l  s i g n a l  cond i t ion ing .  
Appearance of t h e s e  c h a r a c t e r i s t i c s  i n  the course  of the f l i g h t  
s t r o n g l y  sugges t s  f a i l u r e  or malfunct ion of t h e  data  source ,  

Thermally induced d r i f t  i n  e i t h e r  t h e  t r a n s m i t t i n g  o r  
r e c e i v i n g  s y s t e m s  is also r e a d i l y  d e t e c t e d  s i n c e  the amplitude 
of the c a l i b r a t i o n  s t e p s  w i l l  r e f l e c t  t h e  v a r i a t i o n .  S ince  
data  l e v e l s  w i l l  vary p r o p o r t i o n a t e l y ,  i t  is p o s s i b l e  t o  use 
t h e  c a l i b r a t i o n  s t e p s  t o  compensate f o r  t h e  d r i f t  and main ta in  
accuracy of t h e  rece ived  da ta .  

5 
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DESIGN PHASE 

Meeting t h e  t w o  major design g o a l s  e n t a i l e d  somewhat 
c o n t r a d i c t o r y  s o l u t i o n s .  S i ze  r educ t ion  i n h e r e n t l y  seeks  t o  
e l i m i n a t e  components while improved s t a b i l i t y  is most f r e -  
q u e n t l y  obta ined  by a d d i t i o n a l  c i r c u i t s .  The problem of s t a -  
b i l i t y  w a s  r e so lved  by provid ing  a th ree - s t age  r e g u l a t o r  
s y s t e m .  Actual i n c r e a s e  of components f o r  t h i s  c i r c u i t  w a s  
q u i t e  small .  S i z e  r educ t ion  w a s  a t t a c k e d  through f u n c t i o n a l  
a n a l y s i s  of t h e  o p e r a t i n g  cyc le  of t h e  e x i s t i n g  commercial 
c a l i b r a t o r .  I t  qu ick ly  became apparent  t h a t  t h e  i n d i v i d u a l  
c a l i b r a t i o n  of s i x t e e n  channels ,  one a t  a t i m e ,  o f f e r e d  t h e  
m o s t  p roduct ive  a r e a  f o r  e l i m i n a t i o n  of c i r c u i t s  and components. 
I n  t h e  commercial u n i t ,  each  channel  r equ i r ed  a r e l a y  and a 
d r i v e r  c i r c u i t .  A " four  by four" c a l i b r a t i o n  scheme, u s i n g  
four -pole ,  double-throw re lays  t o  s imul taneous ly  ca l ibra te  
f o u r  channels  w i th  each s e r i e s  of vo l t age  s t e p s ,  w a s  s u b s t i -  
t u t e d  f o r  t h e  s i n g l e  channel  sequencing. The number of r e l ays  
and d r i v e r  c i r c u i t s  w a s  reduced from 1 6  t o  4 w i t h  an a d d i t i o n a l  
s a v i n g  r e a l i z e d  through a s impler  count ing  sequence. 

A t  t h i s  p o i n t ,  wi th  a reasonably f i rm concept  of t h e  
p h y s i c a l  bu lk  of components, a t t e n t i o n  was directed t o  mech- 
a n i c a l  arrangement and packaging. The technique of f u n c t i o n a l  
"cordwoodtt modules, used ear l ie r  t o  good e f f e c t ,  w a s  adopted. 
The modules were then  in te rconnec ted  through "mother" boards 
as shown i n  F igu res  4 through 7. Following f i n a l  assembly 
and bench checks of o p e r a t i o n ,  the  ca l ibra tor  w a s  potted us ing  
Emerson and Cuming medium d e n s i t y  Eccofoam FPH. 

The p ro to types  were q u a l i f i e d  f o r  f l i g h t  under environmental  
tests f o r  shock,  v i b r a t i o n ,  and temperature ,  f o r  Aerobee,Nike- 
Apache and J a v e l i n  rocke ts .  Product ion u n i t s  w i l l  be f l i g h t  
q u a l i f i e d  under a r e c e n t l y  developed gene ra l  sounding rocke t  
environmental  test  program. 

7 
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F i g u r e  4 - Calibrator w i t h  C o v e r  Removed 
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Figure  5 - S i d e  View of C a l i b r a t o r  
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STEP GENERATOR 
RELAYS 

RELAYS 

Figure 7 - Lower Deck of C a l i b r a t o r  
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DESCRIPTION 

I 

The major p h y s i c a l  and e l e c t r i c a l  c h a r a c t e r i s t i c s  
are summarized below. Se lec t ed  c h a r a c t e r i s t i c s  of t h e  
commercial u n i t  are a l s o  noted f o r  comparison. F igu re  
8 provides  a v i s u a l  comparison of t h e  u n i t s .  

PHYSICAL CHARACTERISTICS - 4x4 COMM, % REDUCTION 

Height ( inches)  2 3 1/8 36 

Volume (cubic  inches)  24 50 52 

Weight (ounces) 22 44 50 

ELECTRICAL CHARACTERISTICS 

Number of Channels 1 6  

C a l i b r a t i o n  S teps  6 

S t e p  Accuracy (%) 0 . 1  

S t e p  Width (range) 20-200 msec 

Autoca l ib ra t e  C y c l e  5-60 seconds* 

Power Consumption a t  26-35 VDC Input  
During C a l i b r a t i o n  320 m a  
Between C a l i b r a t i o n s  220 m a  

ENVIRONMENTAL 
~ 

Temper a t  u r e  -20° C t o  +70° C 

Vib ra t ion  ( a l l  axes) 
S inuso ida l  24-3,000 CPS, 15 G 
Random 24-3,000 CPS, 20 G 

Shock ( a l l  axes) 40 G i n  11 msec 

*Note: Normal adjustment range. 

13 
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OPERATION 

I 

A s  may be seen  from t h e  Block Diagram, F igu re  9 ,  t h e  
c a l i b r a t o r  i n c o r p o r a t e s  f i v e  f u n c t i o n a l  networks. Voltage 
r e g u l a t i o n ;  c l o c k ;  s t e p  gene ra to r ;  channel  s e l e c t o r ;  and 
t h e  long  c y c l e  timer. Each of t h e s e  networks w i l l  be 
desc r ibed  i n  d e t a i l  below. 

VOLTAGE REGULATION NETWORK 

Ex te rna l  power f o r  t he  c a l i b r a t o r  is u s u a l l y  taken from 
a s t a n d a r d  b a t t e r y  pack which provides  a nominal 28 VDC. The 
a c t u a l  l e v e l s  may range from 35 VDC a t  system turn-on t o  26 
VDC i n  t h e  f i n a l  moments of a f l i g h t .  The b a t t e r y  pack, s i n c e  
i t  is o f t e n  a common source  f o r  both t e l e m e t r y  system and 
exper iment ,  as w e l l  a s  other  in s t rumen ta t ion ,  is s u b j e c t  t o  
combined t r a n s i e n t  loads  from a l l  these devices .  Three-stage 
r e g u l a t i o n  is provided by t h e  c a l i b r a t o r  vo l t age  r e g u l a t i o n  
network t o  a s s u r e  accuracy of the c a l i b r a t i o n  s t e p s  and 
r e l i a b l e  o p e r a t i o n  of t h e  o t h e r  c i r c u i t s .  

F i r s t  l e v e l  of r e g u l a t i o n  is a t  24 VDC. This l e v e l  pro- 
v ides  power f o r  t he  r e l a y s  and is connected t o  t w o  s e p a r a t e  
second-stage 12 v o l t  r e g u l a t o r s .  One 12 v o l t  r e g u l a t o r  powers 
t h e  r i n g  coun te r s  which c o n t r o l  channel s e l e c t i o n ,  t he  clock-  
m u l t i v i b r a t o r ,  and t h e  long cyc le  t i m e r .  The second 12 v o l t  
r e g u l a t o r  powers t h e  f l i p - f l o p s  which c o n t r o l  the  vo l t age  s t e p  
g e n e r a t o r  and t h e  t h i r d - s t a g e ,  10 v o l t  p r e c i s i o n  r e g u l a t o r .  
The f i n a l  r e g u l a t i o n  s t a g e  inco rpora t e s  a poten t iometer  a d j u s t -  
ment (See F igure  1 )  f o r  f i n e  adjustment of t he  10 v o l t  l e v e l .  
The 10 v o l t  r egu la t ed  vol tage  s u p p l i e s  t he  vo l t age  d i v i d e r  ne t -  
work of t h e  vo l t age  s t e p  genera tor .  Regulat ion is maintained 
w i t h i n  & O . l %  throughout t h e  ope ra t ion  temperature  range. 

CLOCK-MULTIVIBRATOR 

The c lock -mul t iv ib ra to r  c o n t r o l s  d u r a t i o n  of t he  i n d i v i d u a l  
c a l i b r a t i o n  vo l t age  s t e p s  and  is designed t o  provide a normal 
s t e p  w i d t h  i n  t he  range of 20 t o  30 mil l i s econds .  T h i s  basic 
s e t t i n g  is s u i t a b l e  f o r  PPM te lemet ry  and f o r  FM/FM s y s t e m s  i n  
t h e  midd le  and high frequency response channels  (IRIG channels  
9 through 18 . )  Ex te rna l  connect ions are provided f o r  a d d i t i o n  
of c a p a c i t o r s  t o  inc rease  the c lock  pe r iod  s u f f i c i e n t l y  t o  be 
compatible  wi th  the  low frequency response bands. These a r e  
a r ranged  t o  permi t  the longer  s t e p  width t o  be app l i ed  t o  a l l  
f o u r  c a l i b r a t i o n  cyc le s ,  t o  the  second,  t h i r d  o r  f o u r t h  c y c l e ,  
or t o  any combination of these. 

15 



. . 
STEP VOLTAGE GENERATOR 

The ou tpu t  of t h e  c lock -mul t iv ib ra to r  d r i v e s  t h r e e  f l i p -  
f l o p s ,  connected t o  ope ra t e  as a "count of s ix"  b ina ry  coun te r .  
The b inary  coun te r  a c t u a t e s  t h r e e  double-pole ,  double throw re- 
l a y s  through d r i v e r  c i r c u i t s .  Actua t ion  of t he  re lays  has the  
e f f e c t  of t r a n s f e r r i n g  t h e  corresponding r e s i s t a n c e  va lue  from 
above t o  below the  c a l i b r a t i o n  vo l t age  output .  The p o s i t i o n  
shown i n  the  block diagram r e f l e c t s  a b ina ry  count  of 000 and 
a c a l i b r a t i o n  vo l t age  of 0. A t  t h i s  p o i n t ,  t h e  c u r r e n t  p a t h  
is  through t h e  upper t i e r  of p r e c i s i o n  r e s i s t o r s  and t h e  ca l i -  
b r a t i o n  output  is d i r e c t l y  connected t o  ground. When the  f i r s t  
r e l a y  is a c t u a t e d ,  t he  upper 100 ohm resistor is  bypassed and 
a corresponding 100 ohm i n  t h e  lower t i e r  is  i n s e r t e d  between 
c a l i b r a t i o n  output  and ground, producing t h e  1 v o l t  s t e p .  I m -  
pedance of t h e  vo l t age  d i v i d e r  network between t h e  10 v o l t  
r egu la t ed  output  and ground is a c o n s t a n t  1000 ohms f o r  each 
s t e p  of t h e  c a l i b r a t i o n .  

CHANNEL SEQUENCE SELECTOR 

The channel sequence s e l e c t o r  i nc ludes :  a f i v e - s t a g e  r i n g  
coun te r ;  fou r  r e l ay  d r ive r  c i r c u i t s  s i m i l a r  t o  those  used wi th  
t h e  s t e p  gene ra to r  r e l ays ;  and f o u r  four -pole ,  double-throw re- 
l a y s .  The r i n g  counter  is indexed by t h e  negat ive-going p u l s e  
when t h e  binary counter  of t he  woltage s t e p  gene ra to r  r e t u r n s  
t o  t h e  "000" s t a t e  fo l lowing  the  5 v o l t  s t e p .  The f i r s t  s t a g e  
of t h e  r i n g  counter  holds  i n  an "o f f "  s t a t e  through the  t i m e r  
cyc le  between c a l i b r a t i o n  cycles  and du r ing  the  f i r s t  sequence 
of c a l i b r a t i o n  vo l t ages .  These are no t  app l i ed  t o  the data  
o u t p u t s ,  s i n c e  t h e  i n i t i a l  c lock  p u l s e  is not  p r e d i c t a b l e  and 
can be s o  s h o r t  t h a t  t h e  z e r o  vo l t age  s t e p  is  unde tec t ab le .  

Refer r ing  t o  t h e  Block Diagram, F igure  9 ,  as each relay is  
ac tua ted  by the  corresponding r i n g  counter  s t a g e  and d r i v e r  
c i r c u i t ,  incoming s i g n a l s  of t h e  f o u r  r e l a t e d  d a t a  channels  are 
disconnected from the  c a l i b r a t o r  o u t p u t s  and the  s t e p  vo l t ages  
a r e  i n s e r t e d .  The t h i r d ,  f o u r t h  and f i f t h  r i n g s  a l s o  a c t u a t e  
s ing le -po le ,  double-throw r e l a y s  through t h e  d r i v e r  c i r c u i t s  t o  
c l o s e  a p a r a l l e l i n g  c i r c u i t  from t h e  c l o c k - o s c i l l a t o r  t o  p i n s  
on the  e x t e r n a l  connector  designated"Externa1 Time Cont ro l  2 ,  
3, and 4" .  Capaci tors  may be connected between t h e s e  p ins  and 
t h e  Ex te rna l  Time Control  Return p i n  t o  e f f e c t  s e l e c t i v e  ex- 
pansion of t h e  c a l i b r a t i o n  s t e p  width f o r  a p p l i c a t i o n  t o  the  low 
frequency response FM/FM bands a s  o u t l i n e d  i n  the d e s c r i p t i o n  of 
the  c lock -mul t iv ib ra to r ,  above. 
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LONG CYCLE TIMER 

When t h e  f o u r t h  sequence of c a l i b r a t i o n  s t e p s  is  completed,  
t h e  c lock -mul t iv ib ra to r  is gated o f f .  Two o p t i o n s  are provided 
for i n i t i a t i n g  t h e  succeeding c a l i b r a t i o n  cycle.  An e x t e r n a l  
s i g n a l ,  genera ted  by a t i m e r ,  a command r e c e i v e r ,  a p r e s s u r e  
s w i t c h ,  or some s imi l a r  device can  be app l i ed  t o  i n i t i a t e  the  
c y c l e ,  or a jumper wire connect ing the  p i n s  des igna ted  as 
l lAutoca l ibra te"  w i l l  a c t u a t e  the  i n t e r n a l  long cyc le  t i m e r ,  a 
u n i j u n c t i o n  r e l a x a t i o n  o s c i l l a t o r .  Potent iometer  adjustment  
( see  Figure 1) v a r i e s  t he  charging ra te  of a c a p a c i t o r  and 
c o n t r o l s  t h e  t i m e  span be tween c a l i b r a t i o n  cycles.  During t h e  
ca l ib ra t e  cyc le ,  the  c a p a c i t o r  is  shor t ed  out  by a t r a n s i s t o r  
s w i t c h  s o  t h a t  t h e  charg ing  t i m e  w i l l  remain c o n s t a n t  r e g a r d l e s s  
of t he  c a l i b r a t i o n  cycle  t i m e .  
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CONCLUSION 

The f l i g h t  ca l ibra tor  descr ibed  above is now o p e r a t i o n a l  
and a v a i l a b l e  f o r  use w i t h  sounding rocke t  t e l e m e t r y  and 
in s t rumen ta t ion  systems. The new c a l i b r a t o r  o f f e r s  improved 
o p e r a t i o n a l  s t a b i l i t y  over e a r l i e r  models i n  a d d i t i o n  t o  
s u b s t a n t i a l  s av ings  i n  weight ,  t o t a l  volume, and power con- 
sump ti  on. 
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